A high groundwater table and soil salinity, especially in arid regions, often cause serious problems for agriculture. In irrigated areas the subsurface drainage can be an effective technique to lower the depth of the groundwater table and reduce soil salinity. In drainage systems, lateral pipes are designed to collect the free water from soil and convey it into collectors. In other words, collectors are commonly designed to convey drainage water from laterals downstream, while the laterals play an additional role in removing excess water from irrigated land. The present research was conducted to investigate the effects of collectors in discharging excess water from soil using a laboratory-tank model. The results indicated that on average 24% of drainage water was directly discharged through the collector pipe when the hydraulic gradient of the flow was sloped toward the collector pipe.
INTRODUCTION
Rising groundwater tables and soil salinization are two significant factors threatening the viability of cultivated lands, especially in arid and semi-arid regions. Today, there is increasing concern that shallow water tables and salinity may hamper agricultural productivity and in the long run endanger relevant infrastructures. Experience has shown that a subsurface drainage system is an easy and suitable way to remove the drainable surplus and maintain the water table at a desirable level below the ground surface (Singh et al. ) . Studies showed that large areas of irrigated lands that suffer from shallow water tables, have been covered by drainage networks to provide favorable conditions for efficient agricultural operation. In this regard, in addition to technical investigations, the cost of construction and efficiency of such drainage schemes were considered in order to minimize the costs of construction.
Several studies have been conducted to investigate subsurface drainage systems at field scale and in the laboratory. Obviously, economic analysis is a favorable procedure to determine drain spacing in subsurface drainage schemes, because it helps to estimate the return rate to land at maximum value for managing the drainage structure treatment in an ideal condition. Nevertheless, Smedema et al. () stated that the Hooghoudt equation is an excellent formula to use for determining the spacing parameter and required drainage in an acceptable range. The approach established an inverse relationship between the drainage coefficient rates and square distance of laterals. Therefore, a higher drainage coefficient rate requires narrower drain spacing, while a lower value needs wider drain spacing, although the values are adjustable for economical spacing of drains to justify investment. As a consequence, optimization of the drainage factor can be a desirable measure to lower the costs of construction and maintenance while enhancing the performance of agricultural lands. Thus, despite various investigations into drainage, it is still necessary to be more creative to increase the capacities of drainage systems using the application of practical models. On the other hand, laboratory methods, where the natural condition of soil can be simulated to research the application of desirable techniques, can be a proper option. Hence, with respect to the function of the drainage coefficient and the importance of economical spacing of drains, a laboratory model can facilitate the estimation of the discharge rate through collectors and laterals, separately. Through this method, the effectiveness of collectors on drained land can simply be evaluated and determined. The main objective of this work, therefore, is to investigate the effects of a reticular collector on the removal of the drainable surplus in an irrigated field using a laboratory model.
MATERIAL AND METHODS

Experimental design
A rectangular steel tank constructed in a laboratory with inside dimensions of 2 m length by 0.5 m width and 1 m depth was filled with soil of different layers established to simulate natural conditions. The tank wall was 3 mm thick and supported by angle iron at the top and bottom.
The inside surface of the box was painted black to prevent heat loss by radiation. Drain pipes with a diameter of 2.1 cm, were reticulated and placed at a depth of 80 cm, with lateral spacing maintained at 20 cm, while a drain pipe was placed at a depth of 5 cm from the laterals as a collector (Figures 1 and 2) . A stainless steel filter was put around all the drains to prevent the entry of sand particles into the pipes. In between the laterals, piezometer semiflexible tubes were installed at different horizontal spacing of the drains. The piezometers were installed in the soil to monitor the fluctuation of the water table during the experimental period. The piezometers were arranged between the drain spacing at specified distances from collector pipes.
Measuring and monitoring
Irrigation tools were attached to the tank at specified levels based on required water, soil surface parameters, and weekly irrigation using a pipe network and sensor. During the experimental period, the amount of water entering into the box was continuously monitored and recorded. In addition, the level of water within the piezometers, volume of discharged water through the laterals and the collector were measured twice daily. The collected data were 
RESULTS AND DISCUSSION
Water flow through lateral and collector pipes A summary of statistical results from measured values through both collector and lateral pipes is presented in Table 1 . The investigation of results indicates that discharge values through the collector pipe ranged between 5.6 and 10.9 (mm/day), while the highest and lowest discharge values from lateral pipes were 35 and 17.5 (mm/day), respectively. The comparison between the discharge rates through the collector and laterals illustrates that about 24% of drainable water was directly received by the collector pipe during the study period, so the difference between discharge of laterals and collector as observed was significant. In other words, this measurement gives the proportion of drainable surplus which discharged into the collector pipe and then flowed toward the outlet. In design, such values are commonly neglected probably due to the lack of required parameters for subsurface drainage systems.
Equation (1) was used to determine the drained water from the collector and lateral pipes.
where Q u is the outlet discharge, Q ln is the discharge through the lateral pipes, and Q c is the discharge of the collector (mm/day). In addition, fluctuation of drainage water values from the laterals and collector is shown in Figure 3 .
In the graph, the amounts of discharge through the laterals and collector are shown over a 2-month period. lector is more than the average water received by the laterals because the pipe length used for the collector is longer than each lateral pipe. The volume of water observed at the outlet was somewhat more in the collector than in each of the laterals. As a result, it may be proper to conclude that a considerable portion of the drainable surplus was received through the collector pipe throughout the period of the study.
Comparison of drainage coefficient with discharge from the lateral pipes
In accordance with the role and function of collectors in discharging a portion of the drainable surplus, the quantity of water which drained through the lateral pipes, and the drainage coefficient rate, also referred to as the discharge rate,
were investigated. Figure 4 shows the difference between estimated value and the observed discharge using the laboratory method measured over the period of 2 months. With respect to the chart, the drainage coefficient rate or required discharge value was calculated as 28.5 and 35.5 mm/day in the 1st and 2nd months of the experiment period, respectively. However, the drained values via the laterals were measured at 21.8 and 27 mm/day during the same period.
Since about 24% of the drainable surplus was absorbed by the collector pipe, as a result the actual drainage coefficient rate would be considered as equal to 76% of the total amount of the estimate. Thus, the drainage design coefficient rate can be reduced from 35 or 28.5 to 24.5 (mm/day).
A linear statistical analysis was conducted on the drainage coefficient for all measured data, leading to the following formula being derived:
where q a (mm/day) is the actual drainage coefficient and q e (mm/day) is estimated values of the design coefficient.
This equation can be used to estimate the actual drainage design coefficient rate for a given location.
Conversely, according to the Hooghoudt and Donnan formula, the relationship between drain spacing and required discharge rate is inversed as in the following equations.
where L (m) is drain distance, q (m/s) is the required discharge, k (m/s) is equivalent hydraulic conductivity, h (m) is equivalent depth from the drain to the restrictive layer.
From Equation (6), it can be seen that a reduction in drainage coefficient (24%) can result in an increase of approximately 15% in the spacing of lateral pipes in a subsurface drainage system. As a result, the cost of construction from more excavation and longer pipes can be reduced while also minimizing land loss.
Investigation of the effective radius of the collector pipe Table 2 . Fluctuations of the hydraulic head in the observation wells are also presented in Figure 5 for the 65-day period with the application of irrigation water.
Investigation of the patterns of flow downward and toward drains, and comparison of water table head loss revealed that the water level in the zone adjacent to the collector dropped more than in zones located farther from collector. In other words, in the zone near the collector pipe, the water table is affected by both the collector and lateral pipes while at a distance greater than 35 cm from the collector, the water head is largely influenced only by laterals.
Such a pattern remarkably showed that the hydraulic gradient of the flow tilted toward the collector pipe. Therefore, this can explain the function of collectors in receiving water from the soil, because the water levels at greater distances from collector pipes are largely affected by lateral pipes, while those close to collectors are affected by both laterals and collectors.
In addition, data from observed head loss over the horizontal flow zone, where the water table is equal between two piezometers, with estimated discharge values were compared using the correlation coefficient approach. The required discharge rate is calculated using the Hooghoudt formula, which is applicable in drainage systems, as in Equations (7) and (8):
Figure 5 | Reduction in depth of water table within piezometers at the specified distances from collector. 
where q is drainage coefficient (m/s), k is hydraulic conductivity (m/s), h is hydraulic head (m), L is drain spacing (m), and d is equivalent thickness of flow zone (m).
Comparison of the results indicated that there is a reasonable correlation between the drainage coefficients obtained from the Hooghoudt approach and observed head loss. The coefficient of correlation was 0.93, which is acceptable for laboratory conditions. The statistical analysis on measured head loss resulted in Equation (9):
where q is required discharge (mm/day) and h is hydraulic head loss (m).
This derived equation, which is applicable only in this experimental set up, can be used to estimate the required discharge or hydraulic head rate. As a result of high water drawdown rate in the zone near to the collector pipe and the high correlation coefficient between head loss and required discharge, it can be concluded that collectors can influence the absorption of drainable water through soil layers.
CONCLUSION
This research which was conducted in a laboratory has revealed the effectiveness of collector pipes in absorbing and removing some of the drainable surplus directly from an irrigated field. With respect to the performance of collector pipes, the drainage coefficient rate can be considerably lowered from the normal condition for the same drainage network. According to the Hooghoudt equation, there is an inverse relationship between the required discharge rate (drainage coefficient) and the square of lateral distances. Thus, the reduction of the drainage coefficient rate can lead to an increase in drain spacing of approximately 15% from the initial condition. This implies that drain spacing can be increased from 40 to 46 cm under laboratory conditions, while a similar change can be adopted under field conditions. In this regard, the required materials for installing underground drainage would be reduced due to increased drainage spacing in the irrigated area. In addition, costs associated with the construction and maintenance would be minimized, hence the utility of the schemes would be effectively improved.
